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Confidential manuscript submitted to JGR-Atmospheres 240 nm) will be absorbed by molecular oxygen this band will be most sensitive to high al- 143 titude phenomena such as TLEs. The 337.0 nm (N 2 2P) will be most sensitive to lightning 144 but will also see weak signals from TLEs. The FOV of the cameras and the two photome-145 ters are square with 80 • diagonal, while the UV photometer FOV is circular with 80 • full 146 cone angle. The MMIA only operates during night time. 147 The two instruments, MMIA and MXGS, constitute a triggered system. The MXGS 148 has four (adjustable) trigger windows with default settings of 300 µs, 1 ms, 3 ms and 149 25 ms. When the count rate in one of these trigger windows is above a certain level of 150 background variations a 2-second string of data is captured and telemetered to ground. 151 The trigger levels are set such that we receive about 100 false triggers per day. The MXGS 152 sends a cross trigger signal to MMIA that will also capture 2 seconds of data. The MMIA 153 also triggers on a certain (adjustable) level for the digital signal of the photometers and 154 sends a cross-trigger to MXGS. This cross-trigger system allows us to capture optical sig-155 nals for each TGF (observed during night-time) and also capture MXGS measurements 156 during all lightning and TLE events. 157 From launch to April 1, 2019 the two instruments have ±80 µs relative timing ac-158 curacy and not ±5 µs as intended. This is due to a drift term in the relative timing that 159 varies from 0 µs to 160 µs and is different for every trigger. It arises due to an uncer-160 tainty in the time-stamping of the MMIA photometer samples in the science data relative 161 to the Time Correlation Pulses (TCPs), which go to both instruments to ensure the rela-162 tive timing accuracy, unlike MXGS where each photon is time-stamped with an accuracy 163 of ∼1 µs relative to the TCPs. Fortunately, there is a register in the MMIA Data Process- 164 ing Unit (DPU) firmware which can be read by the software and put into the science data 165 to resolve the uncertainty. This required an upgrade of the onboard software and was im-166 plemented in March 2019, and after this time the relative timing accuracy is ±5 µs for all 167 triggered events. Before March 2019, we were able to identify the drift term for only a 168 few events. Figure 1 gives an overview of the 217 TGFs detected by ASIM during the first ten 171 months in operation (June 2, 2018 to April 1, 2019). The detection rate ( Figure 1A ) is 172 about 0.7 TGF per day. This is lower than reported by other missions (RHESSI, AG-173 -6-©2019 American Geophysical Union. All rights reserved.
Confidential manuscript submitted to JGR-Atmospheres ILE and Fermi) and is due to the high inclination (51.6 • ) of the ISS, which means that 174 it spends more time over areas with low or no lightning activity. Figure 1B shows the ge-175 ographic locations of the TGFs, which are in good agreement with earlier observations 176 [Smith et al., 2005; Briggs et al., 2013; Marisaldi et al., 2014] . 
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Fluence and duration 180
With the verification algorithm developed for MXGS HED we can identify TGFs 181 with less than 10 counts ( Figure 2A ) and duration less than 20 µs ( Figure 2B ). Although 182 the fluence distribution has a maximum around 30-60 counts, there are more than 60
183
TGFs observed during the first ten months with more than 100 counts in HED. As will 184 be shown, ASIM has >10 times better detection capability than other missions that cur-185 rently observe TGFs. This is due to two factors: 1) ASIM has a larger effective detection 186 area and 2) ISS flies at an altitude (∼400 km) significantly lower than the other missions.
187
In order to compare TGF duration with other missions, we have chosen to present 188 the duration as t 50 (the time from 25% to 75% of the counts) and t 90 (the time from 5% 189 to 95% of the counts). From Figure 2B it can be seen that t 90 distribution has a maxi-190 mum between 60 µs and 120 µs. The value of the t 50 distribution has a maximum in the 191 20-40 µs bin and about 50% have t 50 between 20-60 µs, whilst the t 50 median is 45.5 µs. 192 This is shorter than the t 50 -maximum between 50 µs and 100 µs reported by shorter than previously reported from space observations. For very strong and short TGFs, 201 the MXGS HED will be saturated, which means that we miss counts in the middle of the 202 TGF and the t 50 will be overestimated. Consequently, the t 50 distribution could have a 203 maximum even shorter than shown here. Our t 50 distribution is consistent with the t 50 204 maximum in the 0-50 µs bin reported by Marisaldi et al. 
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Confidential manuscript submitted to JGR-Atmospheres dreds of microseconds [Abbasi et al., 2018] . We emphasize that our comparison with other 212 TGF duration distributions only applies to observations from space. During its first ten months in operation ASIM has already provided what can be 217 termed "ASIM firsts". This is partly due to the better detection capability of MXGS and 218 its imaging capability, but more importantly the simultaneous measurements of gamma-219 rays from TGF and optical signals from lightning and TLEs. are indeed more structures in a TGF than one would conclude from the Fermi measure-245 ments alone. The two main pulses were 2 ms apart and the three small pulses in between 246 were separated by 400-600 µs. This time separation could be consistent with leader steps, 247 but it definitely indicates that there is a series of pulses. We also want to point out that the WWLLN detection was simultaneous with the last pulse, in agreement with the ten-249 dency that was reported by Mezentsev et al. [2016] .
250
Two more simultaneous observations of TGFs from the two platforms have been 251 identified since then (not shown), which also show large differences in detection capabil-252 ity. Part of this difference can be explained by ASIM MXGS BGO larger effective de-253 tection area of 650 cm 2 compared to 320 cm 2 of Fermi GBM BGO and that ISS is fly-254 ing at ∼400 km altitude while Fermi is at ∼550 km. Other factors, like beaming direction 255 and size of the cone angle, that can explain the differences in detected counts for these 3 256 events will be analyzed in detail in a separate paper, using all available supporting data. 257
Imaging of a TGF by ASIM 258
The pixelated detector layer of LED combined with the coded mask provides the 259 imaging capability of MXGS. Figure 4 shows the imaging results for a bright TGF ob- 
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Confidential manuscript submitted to JGR-Atmospheres error radius. Blue dot is the lightning cluster centre and the orange dot is the location of 279 the lightning from the MMIA 777.4 nm camera surrounded by the error surfaces at one 280 and two sigma. It can be seen that the two images intercept at each ones one-sigma circle.
281
During the first ten months of operation, we have 29 TGF observations where the count 282 rate in LED is large enough to determine a unique TGF location, independent of other 283 measurements of lightning activity. A dedicated paper with the first ASIM Imaging Cata-284 logue will follow this publication. ning stroke ( Figure 5 ). This was a short (∼40 µs) but fairly bright TGF (69 and 78 counts 297 in HED and LED, respectively ( Figure 5A) , where also data from the three photometers 298 of MMIA were available. This is an event that also illustrates that, for TGFs with very 299 high flux, the HED was missing counts in the middle of the TGF. The counts marked 300 with yellow dots in Figure 5B are all detected on the tail of previous signals and the de-301 tector is saturated. In Figure 5C one can see an abrupt increase in all the optical channels 302 simultaneously with the onset of the TGF ( Figure 5D ). While the 337 nm (blue line) and 
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Confidential manuscript submitted to JGR-Atmospheres uncertainty) but develops and reaches its peak intensity after the TGF. For the case re-318 ported by Neubert et al. [2019a] it was concluded that the onset of the TGF was before the 319 onset of the current pulse, because, in that case, the relative timing uncertainty was only 320 ±5 µs and the TGF preceded the onset of the Elve by 10 µs. Our observations are the 321 first that support the theoretical considerations [Cummer et al., 2014; Lyu et al., 2015] and 322 modeling predictions [Liu et al., 2017] that the lightning stroke that produces a TGF can 323 also produce an Elve. During the first ten months we have two simultaneous observations 324 of TGFs and Elves to within ±80 µs and ±5 µs, respectively, and two events where the 325 Elve and the TGF are from the same lightning flash. We also want to point out that there 326 is a weak increase ∼0.5-1 ms, before the TGF is produced, in the two MMIA lightning 327 channels, which is indicative of lightning leader activity. 335 Although we can observe TGF both day and night, the photometers can only be op- Figure 6C shows the event on November 2, 2018,
The sequence of TGF and main optical lightning pulse

350
where we also see the weaker increase in the lightning channels, indicative of the propa-351 gating leader before the larger signal of a current pulse. However, in this case the TGF is 352 produced during the leader propagation about 500 µs before the onset of a current pulse.
353
This TGF has a longer duration than the first two. For all these examples the relative tim-354 ing uncertainty between MXGS and MMIA is ±80 µs.
355
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Of the 94 TGF events where also the MMIA photometers were operated we can 362 identify an optical pulse associated with the TGF for 58 of them with a relative timing ac-363 curacy of ±80 µs. For 17 events no optical pulse could be identified, most likely because 364 the lightning stroke was outside the FOV of the photometers. There are 19 events with 365 more than one optical pulse and more analysis and supporting data are needed to identify 366 if any of these pulses are related to the TGF. In Figure 7 we present the distribution of 367 the ∆t between the onset of the TGF and the onset of the optical pulse for the 58 events.
368
The onset of the TGF can be determined with a precision of about 10 µs, while the on-369 set of the main optical pulse is typically determined with a few tens of µs precision. The 370 uncertainty of the relative timing between the two onsets is therefore dominated by the 371 relative timing uncertainty between the two instruments of ±80 µs. It can be seen that 49 372 of these 58 events (84%) cluster in a very narrow ∆t distribution showing that the TGFs 373 are produced 0-320 µs (center of bin) ±80 µs before (23 events) or at (26 events) the on-374 set of a large current pulse that flows through the leader channel. Another 6 TGFs (10%) 375 have their onset up to 1 ms before the onset of the optical pulse. This is a fairly strong 376 statistical result revealing that TGFs in general are produced just at or before the onset of 377 a large current pulse. As shown in the three examples in Figure 6 the current pulses last 378 for milliseconds, while the TGFs last for only a few hundred microseconds.
379
Like the three examples shown in Figure 6 all the 49 TGFs are seen during or at the 380 end of a weak increase in the MMIA lightning channels starting a few milliseconds before 381 the main current pulse. We interpret this as a signature of a propagating leader and it im-382 plies that the leader plays an essential role in producing TGFs. As the leader propagates, 383 the electric field ahead of the leader increases and reaches a level where it can acceler-384 ate and multiply free electrons [Moss et al., 2006; Celestin and Pasko, 2011; Babich et al., 385 2014 Babich et al., 385 , 2015 and even further by the RREA process [Gurevich et al., 1992] or in avalanche 386 of RREAs as proposed in the feedback mechanism [Dwyer, 2008] . Supportive data are 387 needed to determine the exact production mechanism. Of these 49 TGFs, 23 are produced 388 more than 80 µs before the current pulse, which indicates that these are produced during 389 the leader propagation and that the leader could still propagate after the TGF is produced, 390 consistent with the three events reported by Cummer et al. [2015] .
391
The large optical pulse after the TGF indicates that a large current pulse comes af-392 ter the TGF, and in many cases there is only one such pulse. The optical pulse can only 393 be the result of a large current through the leader channel. This means that the leader 394 -13-©2019 American Geophysical Union. All rights reserved.
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Confidential manuscript submitted to JGR-Atmospheres that produced the TGF has to connect to some conductive channels in order to make a 395 large current pulse. Here, we will suggest two possible scenarios for this to occur. In both 396 cases we consider that some other conductive channels have to form, either inside or out 397 of the lower negative charge region or, inside or out of the upper positive charge region.
398
In the first case the positive lower end of the leader will connect to the negative end of 399 conductive channels that have formed in the lower negative charge region. In the other 400 case the upper negative end of the leader will connect to the positive end of a conductive 401 channel that comes down from or develops inside the upper positive charge region. To 402 explore whether any of these scenarios really occur, one would need radio measurements 403 (LF and/or VHF), and since ASIM is just in the beginning of its mission, we foresee that 404 we will obtain such measurements in the near future.
405
A few papers have reported that there is a current pulse from the TGF itself [Cum- tron Precipitation. We have also detected many multi-pulse TGFs, typically separated by 429 2 ms. In Figure 8 we show one example which is almost identical to the one reported in 
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